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Preface 


This manual explains the operation and architecture of the New 
Erglant Digital Corporation ABLE line of computers. Section = 
provides introductory material of a general nature while Section 
il explains the instruction set in detail. The Appendices provide 
information on basic I0 equipment, interfacing, installation, and 


other reference material, 


Sectien I - 


Introduction 


The ABLE series computers are nigh-speed general purpose computers 
whose design has emphasized simplicity and compatability with ef- 
ficient structured language programming. They are 16-bit word 
length machines organized around i6 registers. All of the re- 
gisters are usable as index registers with auto-increment capa- 
bility. Two of the registers, R17{octal) and Ri6(octal), may be 
used as program counters. 317 is the normal program counter, while 


is used while processing interY Ss 0 alli subroutines. 
R16 d uhile p g rrupts or calling subroutines 


Four of the registers, (RO~R3), are designated as accumulators, 
These registers have the additional capability of executing the 
complete set of arithmetic, logical and test operations. Byte manipu- 
lation instructions are also ineluded in the logical operation set to 


facilitate character processing and other byte-orilented calculations. 


The memory addressing is by word using a 16-bit memory address buss 

to enable direct addressing of 65,536 words. All memory addressing 

is indirect on a register; i.e. the register contents are used to 
point to the desired menory location. Relative addressing is provided 
for the transfer (jump, branch) instructions. Any menory location in 
the entire 65K space may be accessed within at most one Load in- 
struction, eliminating the need for any paging or mapping conplexity. 
Tne importance of this Feature is sudreme when contemplating p7ograms 


tnat must run in different combinations of ROM and RAM. The 


existance of so nany registers nakes the task or nemory address- 
ing much more tractable, whether it is being cone by a human as- 


sembly language programmer or vy a compiler, 


There are three main cusses in the machine. Vata transrers are 
made by means of a 16-bit bi-directional data buss (B930-BDBL5). 
Memory addressing is ty means of a 16-bit memory address buss 


(MAQ-MAI 5). 


An 8-bit address/instruction buss serves to address all 70 devices 
and to carry Instruction information to the register/ALU sections of 
the machine. All data transfer instruction information is encoded 
on this special buss, greatly facilitating multi-processor applica- 
tions. Any intelligent agent may HALT the processor and take com- 
mand of the complete Duss system to execute any instruction of which 
the system is capable. Instead of a normal programmer's panel which 
depends on jamming data into an instruction register, the panel of 
an ABLE computer is really a processor in its own right called the 


HOP;Hand Operated Processor, 


in addition to the major data, address, and instruction busses, there 
are several control lines which define execution timing sequences, 
direction of data transters, and so forth. Among these are the 

READ and WRITE control lines which carry directionality information, 
4. READ transfers data from a source to the processor; a WRITE trans- 


fers data Trom the processor te a destination, 


Section IZ deseribes the ABLS instruction set in detail, 


The ABLE Bine Computers 


The computers in the ABLE lire are based on a single central pro- 
cessor configured on two 5" by 7?" printed circuit boards. Ail 
ABLE computers use the same basic mechanical design, differing 
only in power supply capacity, slot availability, and "standard" 
equipment. The central processor, memory, and interface modules 
are constructed on 5" by 7" circuit boards, all of which are com- 


patible with the different ABLE systems. 


The ABLE/20, New England Digital's smallest ORM system, incorporates 
a central processor, 10-slot chassis, multi-function terminal inter~ 
face and loader card, real time clock, and a single drive mini-~ 
floppy disk subsystem offering 89,600 bytes of on-line storage. A 
12-amp power supply provides sufficient capacity for most OEM appli- 
cations. 4,096 bytes of memory, expansible up to 32,768 bytes, are 


included in the ABLE/20. 


The /20 is designed to be incorporated into CEM systems where con- 
piled programs, either storec in ROM or on a diskette, are used. 
For dedicated control applications, an ABLF/20 can be configured 
Without a diskette (using ROM for program storage) to realize a 


significant cost savings to the O3M, 


The ABLE/40 systen, the smallest complete software-development 
system, incozporates a 15 slot interface bin, 32,768 bytes of 
memory, a 20-anp switching power supply, plus a dual-drive Mini- 
floopy disk subsystem offering 179,200 bytes of on-line storage, 
High-levei language sottware development is accommodated using 

New England Digital's Neal Time XPL Operating System - a complete 
operating system inciudirg a Monitor, linc-numtered file EKiitor, 


ard ar optimizing 3-pass KXPL language compiler. 


APL is a nigh-level structured-progremming language specifically 
designed to simplify the tesk of writing real-time computer pro- 
grams, XPL is an extremely powerfvl language in that many logical 
and bit-manipulation functions can easily be performed. The XPL 
system gives the programmer sufficient control of the processor 

fox the needs of conplex system programming, but provides automatic 
control over many specific computer resources such as the registers, 


nemory, and push down stack. 


XPL has been designed to facilitate the use of modern techniques 

in structured programming, Capaodilities such as procedure defini- 
tions, variable localizaticn, and scphisticated if-then-clse logical 
processing assist in the rapid development of easy to debs and 


straightforward to maintain software, 


By use of the powerful READ and WRITE statements cuilt into XPL, di- 


u 


reetly executed machine instructions can be tneorporated into any 


APL Progvam, Although register allocation and nenery lecation 


assignments are best performed by the compiler itself, the in-line 
code capability provided in XFL can be used to override these 


features. 


For highly specialized software applications, New England Digital's 
Assembly Language Operating System can be used to write programs 


using the ABLE Assembler, 


The ABLE/40 can be expanded up to 114,688 bytes of memory. Addi- 
tional disk drives, serial date lines, or other interface modules 
can be added to an ABLE/40 to customize the system for specialized 


applications. 


The ABLE/60 computer is similar to the /40 except that full-sized 
diskettes (8") are used for the standard storage media. The dual- 
drive full-size diskette system features 630,784 bytes of on-line 


storage. Memory expansion up to 114,688 bytes is possible with the 
/60. 


The ABLE/80 computer includes an expanded 21-slot rack-mounted bin 
plus 4 special purpose interface modules: a 16-line 12-bit analog 
to digital converter, a scientific timer offering 1 microsecond 
resolution, a 32-bit digital I0 interface (TTL), plus a Hand 


“Operated Processor. 


Feripheral Devices 


Tre ABLE line of computers supports a wide range of peripheral 
devices designei for scientific, Gata processing, and OEM anpli- 


cations, Each device is compatitle across the entire ASLE line, 


Processor Products 


Dt Instruction Sequencer 
D300 =Register Module 
ME CL Multifunction Terminal Interface and Loader Card with 
100Hz/1kH2 RTC. 


Storage Devices 


nL100 =Mini-floppy Diskette System 

D100 »=Full~size Diskette Systen 
Winchester Disk System - 10, 20, 40 megabyte 
Tape Drive 


Output Devices 


Line Printer 
Plotter 
D4050 Dual Serial Port 


Memory Products 


MEK 8192 word static scmi-conductor memory 
M2K 2046 word static somi-conductor memory 


Scientific Interfaces 


DI2 i6-channel analog-to-digital converter 

DS0 Dual 10-bit digital-to-analor ccrverter 
16 Selierttfte tiner 

DY 32-b2% digital ~O module 

Dg Hand Gperaied Processor 

D?7O 3 =Oscilloscape Interface 


Section IT 


Central Processor 


The central processor is the control unit for the ertire ABLE 
computer: it controls the sequencing of computer instructions, 
governs all input and output, and performs all arithmetic, logical, 
and data moverent operations, ‘The processor uses the 8-bit Ad- 
dress/Irstruction buss in conjunction with she READ command line 
and the WRITE command line to fetch instructions from memory and per- 
form the specified data movement or computation. During normal 
operation, the processor fetches and then executes irstructions 
stored in sequential locations of memory. Sequential program flow 
is accomplished automatically by incrementing the progran counter 
after each instruction fetch, using the built-in auto-increnent 
feature, This sequential accessing of successive menory locations 
combines most effectively with the S-way interleaving available on 
the 8K memory module to provide a significant increase in systen 


throughput. 


Sequential progran flow is altered by the execution of a JUMP in- 
struction, The ABLE processor provides 7 modes of conditienal 
transfer to either an atsolute or relative memory location. (See 


& 


specific inst io escriptions t innin . a-12. 
specific instruction descrip veginning p. 2-12 ) 


mM 
t 
i= 


The central processer is constructed cn two 5" by 7" printed circuit 
boards, ‘The first board, designated the Di Seauencer, is the module 
tnat sequences the operation of the entire compiter, Wher the HAL? 
line is released, the Sequencer uses a READ command to read a 16-bit 
instruction from mencry, This instruction then directs the Sequencer 
to perform a deta movement, arithmetic conputation, or conditional 
transfer of control. The formats for the different instructions will 


be presented shortly, 


The rest of the central processer is constructed on a circuit board 
designated the D300 Register Module, The Register Module contains a 
high speed t6-bit register stack, a 16-bit ALU, and three status flags 
labelled ( (for carry), % (for zero) and M {for minus), By manipwlat- 
ing the Instruction/Address puss and the various control lines, the 
Sequencer can direct the Register Module toa: 
a) gate the contents of a register onto the Data Buss; 
b) strobe the information on the Data Bus into a register; 
ec) perform an arithmetic computation such as ADD, SUBTRACT, or 
SHIFT using one operand stored in a register and the other 
operand from the Data Buss; 
ad) present the three stetus flags (C, %, and M) to the process- 
er for ovaluation of a conditional transfer; OR 
e) gate the contents cf a register onto the Menory Address Buss 


= 


to identify a specific memory location. 


the €, 4, ara M status flags are usad to irdicalte tnat an aritlnmetic 


computations 


A) resulted in a number greater than 2t® fey, 

3B} produced a gero result (8), OP 

C) produced a negative result (m). 
During the processing of a conditional transfer instruction, the 
Sequencer evaluates tne condition of the 3 status Tlags. By compar- 
ing the 3 status flags with the condition code present in the condi- 
tional transfer instruction, the Sequencer can decide whether or not 


to transfer control to the specified memovy Location, 


Interrupt recognition is also handled by the Dil Sequencer, The Ir- 
terrupt Request line, IRQ, is sensed by the Sequencer at the end of 
every instruction. When IRQ is true (i.e. neld low by the inter- 
rupting device), the Sequencer disables further interrupts and begins 
to fetch instructions using Ri6é as the program counter instead of the 
normal R17, For proper operation, R16 must be loaded with a pointer 


to the interrupt routine before interrupts are enabled, 
Further information on interrupt processing is found in the discussion 


of the Processor Status Word (PS8¥) and the Processer Control Word 


(PCW) later on in this section. 


e-3 


INSTRUCTION FORMAT 

The Instruction Format of the ABLE series computers is 
somewnat uni@ue in that esch machine instruction £6 2a fuld 
L6-bit word comrosed of two S-bit andedresses. The leat 
sisnificant half of the instruction word (hits O-7) 
comprises the address of @ SQURCE of datas the most 
sidnificant balf (hits G-15) caomrrises the address of the 
CESTINATION for that ata. That the instruction ionfarmatian 
is encoded as an address makes the oreration of the commuter 
“observable” fram the outside world? ang conversely allows 
the execution of machine orerations under the control of 
intellid@nt agents other than the ferocessor itself. 

Normal instruction executton involves cate bLransfers of 
the form of ~@ READ from the SOURCE followed bu a WRITE to 
the TtESTINATION. A sindle machine instruction can read from 
any SOURCE and write to ans DESTINATION. The oreration of 
the instruction cam be viewed as @ general crossbar switeh 
canmecting all the modules of the system, 

A wnilaue feature of the instruetion/address format is 
that the two S-hit Fields of the machine are  TNURFENTIENTs 
1-@. ans code im either field does mot modify the mesnins af 


the code in the other field. 


eh 


The instruction arrears in the Instruction Resister as 
follows, where [in rerresents the oth bit af the DESTINATION 


ADPRESS and Sn represents the mth hit of the SOURCE ADRESS. 


8 ES ETP TS a RE tS lee een - ee ti a ec i hte 
(07 D6 OS 04 03 G2 ft Ae S6 SS S4 53 S2 G1 Sd | 


The followings are the defined classes of SOURCES anes 


DESTINATIGNS and their binary codes. 


SOURLES 7 oJ es Dy Ds Da, BD; Po NEL ZlA TE SooRte ee 


Pos, in |Z |B. R, Fol. WEnIEES SOue: a cal 

AE ace Kensie SN eae 8 i ecceseeiane A Usa wt Cad 2 ae 
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The structure of the ABLE series comeuters is illustrated 
in simplified form in Fisted. The three maJjor husses of the 
system are the 14-hit Data Bussry the 14-bit Menwors Address 
Buss and the S8-bit Inetruction/Address Buss. These bisses 
and several Control lines such as REATse WRITE» arch SYNC 
serve to link ag11 the modules of the system. 

The Sequencer controls the READ and WRITE orerations or 
all system modules by means of the Instruction/Address Buss 
and the Control lines. 

The Resister Module utilizes 146 resisters to control the 
Memory Address Buss. The Resister Module alsa contains the 
system ALU which rerfarms arithmetic and logical orerations 
as well as memory address arithmetic for rointer control and 
relative tranchina . 

The Seauencer transfers 14-bit orerands to and from the 
Redister Module and I0 devices usind the Ingstruction/Address 
Russ far oreration/module identifications the Control lines 
for directionality and timings and the Data Buss for the 
actual transfer of the data. To transfer deta to and trom 
Memorgy in additian to these busses the Seauencer utilizes 
am indirect bit ain the Instrection/éddress to cause the 
Redister Module to wrrovide the rrorer Memory Address to tha 
Memory Address Russ. 

The Seauencer utilizes @ besic three-ster micro-esele ta 


ime lement a two-address instruction format. The first ster 
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STK IT URE oe APS LF SERIES 
ComPvrrez RPS 


Poe Oe os £31 DYE OF/ OMAK LATA uss JE BITS 
Ce Conrrot,, LWwE 
ZLAB Der vere ek GDDP EDA os Sewers 


TAG Lf Ert0ery ALORELE Lvss PETS 
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PATA ZNSTRUCTION 
FLEE GAS TEE. REGISTER 
Ae ee Se 


DECOOE 


STATE 
REGCISTEP 


REGISTER 
DTAC IC 


DECODPE 


SE DUENCEP: te REGIST ER Ale DilL& 


ef the mictror-eycte is ta REAL Memory at the location eointed 
to bye the Frodram Counter and then increment the Frograti 
Caunter., The data read by this ster will consist of a 
machine  instructian. This Lé-hit word is stored im the 
Seauencer’s Instruction Kesister and Nate Resister. (The 
reason for storing the ingstraotion in the Tate Register wild 
hecane arrerent when IMMEDIATE SOURCES are discussed.) The 
least- sasnmifacant half of this instruction word consists of 
an Address for 2# SOURCE af deta vhile the most-sistiifieant 
half consists of an Address of 2 TESTINATION for that date. 

The serond ster of the micro-eycle t¢ Lo eerform & REAR 
orerabior lusars the leasb-¢isiiifreant halt oP brie 
ingtruebion as the SQURCE ADDRESS. The Llé-bit or erend 
ohtained as @ result of this REAL oreration is stared air tie 
Seuvuencer’s Nata Resister. 

The third ster of the micro-cycle is to verform a WRITE 
OFeration using the most-sisgnificant half af tne instruetian 
word as the DESTINATION ADTRESS., The Té-bit data oreranict 
stored in the Data Redister of the Seauencer is rresented an 


the Teta Rues ta the addressed oreratioaon/tevice. At the end 


of the WRITE oFreration the micro-cycle ais 
came lete., Vata nas been transferred from ars SQUEEE in tie 
system ta anu RESTINATION in the sustem. 

before s bart irist anobkher micrergveley Nowevers bie 


Seeuencer et the end of #2 WRITE oreration arterrogetes the 


nN 
a 
ice) 


Combrad line. If 


HALT Control ltne and the Tnberrurt Read 
the HALT Control line is being asserted at this time the 
Seauencer will answer by means af the HaIb Acknowledsva 


Moatroal lines further avreration of the Seeuencer will case 


witil such time ttieh Che HALT Cantrad line fin eC AmES 


feloe. If the Interrurh Reauest Control Ling 4 se tad eet 


this time ang interrupts ere anabley the me ines brunt tor 
wild te fetched ustneé R16 o¢ctel a9 Prosram Counter tosteart 
of the usual R1Y ottel. 

Otherwise Lhe Seauencer enters the mest microecvele anc 
oPeration conlinwes ag cdescriben abave. 

Under certain circumstances the wmicrovrewcle as deseribed 
abuve is modified be omitting eather the SOURCE REAR ar the 
QESTINATION WRITE or both. Gf tne sreeciftec SOURCE wes tine 
S-bit two*s comeliment ckvrea of INMEDTATE SQURCE» thie 
required dete is already rresgent in the Dats KResister at tie 
end of the [neberuetion Feteh. The eism fit ¢ bit 5) reed 
only be extended throyvdh bit 15 anc the desta is ready ta te 
written to the IESTINATION. This is the reason for cued prs 
the instruction inte the Instruction Register and the Uste 
Rediater. fn thag case the Seauencer wild umit the SOURCE 
REAL oreration Glee of the minmroncucle end wilh rraoceec wake 
the DESTINATION ster if arerrorriate, 

The omission af the FESTINATTON ster of tre micro-crele 


is Bleo ruos¢eible, The CONHETIONAL. TRANSFER inet bars 


Orerate tis either writimns &@ Léon bit dele orerend drbo tne 
eurrent FProgram Counter or omitbtines that WRITE derendins 


neon whether or mot the cormition srecifi 


is mek. Goa in 
the case of @ condition code which is mot met the Seauvencer 
will fetch the agrrrorrrete SOURCE oFerand ud will ercecercd 
to the next Instruelion Fetety omithiogs the BESTINATION 


WRITE to the current Program Counter. 


nS] 


mal 


NETATLS OF SHURCES ANT TESTINATTONS Gi TNS TRUITT PONS 


TO) SOURCE (= Ske pte es Bit ca, vee fake 
The TO SOURCE allows the reaching of cate Prem ur La 1T2E 


era oa we 


different deaviocese The enceadina of hive foedriuckhicae = 


that [0D devices neve Sr-iaat address with bib Po o@a@uedh to oO, 


That iss all I0 devices have addresses Lesa Lingrn 2OOCortal). 
CO sources are used both for data and for stetus of the cevirce. 


’ 


For exame ley device S090 is the data rvrart of the syetem cantral 


tertainal? deviee Sil is the address of the stetus resister of 


syeLerm control terminals 


TMMEDIATE SOURCE 


~ 
ws 
Ne 
or 
ind 


m4 Ea 2 Bt oO 

THE JMMET TATE SOURCE Provides &@ comract and raeid means af 
Fravidins smali constants € atatisticalls the most often used) 
Within the instruction iteel’. That ase the execution cyelea 
for en Immnedrate Souree will be eltered to amit Lie roars t 
saqurce read because the date 4 Slreacy #h hard setter bine aren 
struction feteh. The iomedizate source erovides « 4@etity buat ae 
rane iiment oreragnd? eee @ ruimber aim the rane of «42 foecsume dl? 
to $3) tdecamati., The atsnm mnaiks Se ts eaxtentacd Prom mat Go bimrecesth 


Dib is. 


REGISTER SOURITE. od OC Ul URS URS ORD ORO 
The sixteen rasisters of the mechine ere reac be means of 
the REGISTER SOURCE codes. The four least sidmafaeant bits name the 
register to be read. The "LP" bit corrals auto-inerementation af 
the comtents of the resister AFTER readains. Whren bine obit ais 


sero the redister contents remain aonechanged after a reed. Wine tiie 


I bit is one the redister cantents ere first read sod than Lrere 
fay ane. This Peeture is useful in the imelementetion af door coumbers 


msins oon-accumulator resisters (i.e. resisters 4-15 ocbeld. 


MEMORY SOURCE 1°64 ot s& RS R2 RI RO 

To read a location ef memory 8 source fTaieled of this ture ne 
emreiayed, A resister of the machine must be fointind at the decired 
memory lacation., This resister is named tye the least sigmifieant four 
bits of the fields and the mamed resister may be autematlicaliy 
rost-ineremented under control of the "EL" bit oy in @ mare erat das 
gsimiiar to the resister source. A very imrportent Peature af the 


ter arehitechure a6 


general nature of the memory addressing anc regis 
tine atilitye ta use the FO (Crrosram counter?) a6 a eoarnter to ary 


oOrerand of data immediately im Line with the erosrsear: 


TO TESTINATION iy OH rhe mage ree. GREP Se 
Date is written to true [TO devices using the To 
DESTINATION field. Aas in the case of [0 sources device 
addresses of FQ degtanations are an the range af O-177 
oetal. The TO destinatian is used toth fer date transfers erica 


for transfer of control anformation be TD devices, 


ARTTHAHE TIC GESTINATIONS 1°60 O AR AL AO RE RO 

The members af the ARITHMETIC ESTINATION eclaga af 
instruction share ¢geveral common features. They may be weer 
With ane of the four aeecumulators RO-R3. Which  sectimiiletor 
is srecified by the “R* bits » nits ? and B of the full 
instructions 

When arn ARITHMETIC DESTINATION instyuetian i¢ usec the 
states of the ZERO (7) CARRY (Coy amd MINUS (MH) Pleads at 
the end of execution are stored im the FLAG FEGISTER. Tiese 
flads are the means of prrovidindg alternative execution 
infarmation in congunetion with the CONDITIONAL TRANSFER 
ing trae bi aris. 

The arecificatian of whedon or the ed sitet 
arithmetic/losical orerstions 16 to be Ferformed 16 encoded 
waeing hits dae is amd (se CAPs AL*® anc AO) of the full 


instructranm word. 


ti wins 
Cnn 


ARTTHMETIC bLFoan i 0 606 6 0 O RL kO 

The ARTTHMETIC LOAD destination tbLransfers the 14-bit 
orergnd read by the source-read operation into the srecifiled 
aceumuistor. The ZERO flas will Be SET ¢#1) Of the arerariad 
loaded was zero amd will be CLEAREN af there were ang anes 
in the orerand. The MINUS Flas will be SEF if tie 
wost-sidnificant ait af the orerand was ones and CLEARED if 
the MSR was wera, The CAKKY flas wilk tbe UNGER INED. 

The previous contents of the srecified accumulator are 


Lost. 


ANE 1 O60 6 0 @ Gd RI RO 
The AND anstruetion eerforms 2& bilt-hy-bibt logical AND 
oreratian hetween the erevious eontents of the srecified 
accumulator and the Lérbhit orerari read by the source-reacd 
Oreratians The accumulator srecified is left contsining tie 
result of this AND. 
The ZERO and MINUS fléess are affected. The CARKY files 


will be UNDEFINED, 


Alin i ® ® %6 1 oO Ri RO 

The AND instruction adds the lé-bit orerand read oy the 
so0urce-read arergsgtion to the Frevious contents of the 
sreaci fi edi accumulator and stores the result oan that 
acenumhulatar. The ZERO» CARRY, and MINUS flees ere all 
effected by AND. 

Since there is no srecific left-shift instruebian an trie 
instruction sety this oreratian is Performed by sremi fads 
the same accumuletor in the source field a8 is sreeified in 
the ALE instructions erg. RI to Ri AUN hes the etfect af 


shifting the contents af RI left one «lace. 


SUBTRACT i 0 0 O +4 1 KL RO 
The SUBTRACT instruction subbracts the lé6-bit oreranct 
read by Lhe gource-read oreration from the Previous comtents 
of the srecified secumulator ard gtores the «difference in 
that aceumulator. The ZEROsCARRYsand MINUS fFlass era all 
affected by SUBTRACT. 
Note that after a SUBTRACT a CARRY may the dePined as a 


NOT BORROW. 


“ww 


EXCLUSIVE OR tO 0 FY @ O RI 

The EXCLUSTVE OR instruction rerforms the EXCLUSIVE OR ar 
“ae without carry" on a biteby bil basis between the Lé-hit. 
Orerand read by tne source read oreraetion and the erevious 
contents of the sragified sceumulator and stares the result 
in that @ecumulator, The ZERO ane MINUS Flags will be 


affected. The CARRY flags will be UNTIEFiNED. 


LER? ROTATE 10 0 21 0 JI RI RO 

The LEFT ROTATE tnstruetion shifts every mit of the 
Previous contents of the greeifies eccumulator left one 
eosition « The MSB (bit 13) 16 rotated into the LSB Cit 0) 
rositian, The ZERO flags will be unehansecd. The MINUS fleas 
will be affected. the CARRY flas will be get ta the value of 
bit 15 (MSB) eriear ta Lhe executian of the LEFT ROTATE 
instruct Larr. 

The LEFT ROTATE instruction takes only 8s sindle orerancd 
3nd so the customary saurce fieid for the tnatructian would 
he oan FEMMENIATE wero ¢ this will @euce the saurce-reaed 


areration to be omitted with e savinds of time resulting, 


ON RF 


OR 1 6 OO TL tft OO Ri RO 
The OR aingstruckhion rerforas the losicel OR Oreration orm a 
Hitebu-bit basis bhetugern the 1é-hib orerand read oxo thre 
source-read areraetion end the eFreviews contents of the 
sreaciPfied accumulator. It 36 sometimes preferred to as the 
"set bit" imetrvuetian, the ZERO ane MINUS Pleads will he 


affected and the CARRY flas wall be UNTEFINET, 


LORE COMPLIMENT ~ 0 9 £ dd Fd RL RO 
The LOAM COMPLIMENT angstruetion loads the Lé9-hit  orerancd 
react by the source-read oreration inte the srecified 
accumulator and then rerforns the "ores wore Ld mrerst " 
Oreration on that orerand. That ae » @ach bait is simely 
charged to its oFrasite., The ZERO anc MINUS flats will he 
affected and the CARRY flags will be UNDEFINED. The previues 


contents of toe aeacumuleator are Last. 


FEST TESTINATIONS 1 G@ k£ @ Ti TO RL RO 

The TEST destinations Porm a drour of four instructions 
whieh behave wath resreet to the setting of the ZERO. CARRY 
arith MINUS fless exactiv es their corresrandingd ARLE PHMETIC 
Seatinations da. The sifferance 16 bLinat. Loe test 
instructions cdo NOT effect the CONTENTS of the accumulator 
srecified., Thus they rrovicde af imeortant me ers or 
Performing losdigsal or arithmetic tests wathout storins 
accumulators when all accumulestors are in user and 8 wears 
of testing various rrorerties of the cantents of ati 
accumulator without reeauiring the resatorgsng of the tesberd 
AhWantbitys 

The TEST oF@rations may be raerfarmed on any accumulator 
as srecified by the “R* tite. The agetual test oreration is 


srecified by the "T* bites as follaws! 


Tdi TO QRERATION 
Oo 0 LOAL 

oO 7 AND 

2 0 ANN 


i 1 SUBTRACT 


RYTE--GWARP WITH OK tO 2 1 GO DO RI RO 

The BYTE.SWAF WITH QR instruction orerates on any af the 
four secumilators as srecified by the “R" bite. This 
ingtruectian interchanges the most-gignificant and leeet 
eienificant butes of the rrevieus contents of the srecified 
accumulator and then rersorms the Logical OK of the swarred 
word with tie lé6-bit orerantd rea by the soaurce-read 
orerstion. The ZERO and MINUS Flags are affected and the 
CARRY flast is undefined. 

If the OF feature of this instruction is not needed the 
source field 31s set ta IMMEMTATE zero and the anstrucbior 
hecomes the sinsle-orerend instruction BRYTE-SwWAF. 

The OR feature of the BYTE-SWAF with OR instructian is 
useful when handling characters jour venmssle ar HoOcdems Le 
that 8-bit euantities may he rositioned in té-bit werds in 


single instruction 


RIGHT-SHIFT with ATT lL O 2 2 &@ 1 RI RO 

The RIGHT-SHIFY WITH ANT instruction oferates on any of 
the four accumulators as srecified is: Lhe “RF” bits. This 
joastruction snifts every bit of the rreviouws cantents af brie 
sreciPied accumulator one eleace toa the risghh.A rera is 
shifted into the MSE Coat 2S) aod the rreviouws LOB ¢bhit Oo? 


is steered im the CARRY tlast-After the shift takes elare the 


1é-bit orerand read by the source-read oreration is added to 
the shifted accumulator. The ZERO and MINUS lads are 
affecteds the CARKY flas is eausl to the previous LSE of the 
selected actumulator,. 

As in the BYTE-SWAF WETH OR instruction + af the Ant 
feature is not desired the instruction can be mace into the 
sindle-orerand SHIFT RIGHT instruction simely be choasing an 
IMMEDTATE zero for the source field. 

The AND feature of the RIGHT-SHIFT with ANT instruction 
19 used to Provide the ability ta shaft in either ones ar 
verges 35 desired. This means that the RIGHT ROTATE 
ristruction wag he rerformed by means of tranching on tie 
condition af the carry flae since that flag rerresents the 


Freviouesly shifted LSB of the orerancd. 


REGISTER DESTINATION 1 2 O O R33 RE RL RO 

This form of destination allows the dasdind of the nor 
accumulator registers (R4-K17 oetbald, It aloo may be usec tea 
load an accumulator resister CRO-K4) without chansins the 
Flasa. Im any case the resister to he losded is seecified tas 
Lhe "RK" pitse 

The PROGRAM COUNTER CRL?Y octal normalie ar Rid oeteld may 
he specified as the resister gub-fielu in whieh event the 
instruction becomes am ABSOLUTE WIMF UNCONDITIONAL tai the 
address grectifiad bye the daéa-bitl orerand read he the 


source read orerati ess 


CONDITIONGL TRANSFERS» ARSOLUTE 1 dO 4 OO €2 CL CO 

The ABSOLUTE CONTITIONAL TRANSFERS enable the rrosrammer 
to alter the execution s@euveances of instructions deren re 
on the results of ARITHMETIC or TEST instruetions. Both tre 
rosibtive and nesebive conditians af the ZERQs CARRY: arted 
MINUS flats are sreecifaable as congitions under which 
eragram execution is transferred to another  acdressa af 
nenmarss If the specified condition is mot web die  mext. 
instruction executed wilt be from the mext seauentiel 


adifress efler the CONDITIONAL instruction: 


The srecific 


be transferred is diven 


C2 


0.0 0 UNCON TECNAL. 


OO 1 


QO 1.0 


Oo Lt 


19 90 


10 ft 


i 1.0 


If the 
read te the 
counter which 
Frogram execution 
transferred. If the 
seanential 
shortenthe machine 


WRITE oreretion 


hy the 


srecified comdition 


wiki 


congition 


instruction will 


TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 
TRANSFER 


TRANSFER 


i6 


source-read areration 


is eurrentiy im use 


btiner 


miera-csele by omitting 


entire dsc 


*c* 


CCT PLS €3 


seecified 16 


Re executeds 


cCanditian under whaien rrodramn execution wild 


hip tes 3 


CLOCQ CONNITION 


TRANSFER 


TF ZERO 


TF CARRY 


IF MINUS 
NEVER 


TF NOT ZERO 


IF NOY CARRY 


TF NOT RINUS (PLUS) 


mets tine F6-bit  areranad 


is loedect into the #&rasram 


(be it RI? or FL6 acteld, 


eth tiie lLocatian 


not met the mest 


the Frocessear wiki 


the DESTINATION 


CONDE TIONAL TRANSFER: RELATIVE 


In tine RELAT EVE 


oreratian with resrect to toe 


tne seme @S in tie the 


kogstruction.tThe difference is that 


instruetior the Tér-h4b  orerand 


is ANHED ta tha currerct 


orerpetion 


evert that bhe srecified comdlitien 


Qgrerpsend LS exrresser im two’s 


envious that efracram control 


forwerd oar 


Th ¢howdd he  motecd 


TRANSFER anetruction is w.sercs 


alregdy been Lic remerrtect 


eonditioneh instruction itself. In 


feteh ouginst the rrogram counter 


tamediate data words the Frogrem 


increnented twice kevyond thre 


instructtan abseil ?t. 
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CONTGETIONSL 
invakact 


ARSOLUTE 


mas 
backward with resrect ta 
that when 
the 
heuvonsd 


the 


locetian 


1 i 0 & 7 C2 


C1 CG 


JRANSFER  anstructians 


conditions 16 exactiy 


CONBITIQNAL TRANSFER 


im tone RELATIVE TRANSFER 


read hy the source-read 


Frodram counter ain the 


16 met. Assuming that the 


comreliment motatian +t is 


be transferred either 


the current Jacation- 


the RELATIVE CONEITPONAL 


FrPosgram counter hes 


the locetion of the 


case of am Orerarnist 


#5 2 memore Fointer te an 


counter wilk have heen 


af the conditionnel 


MEMORY DE STINAT TOM Lt ad 21 JY RS R2 RL RO 

Jie tiemark destination dmebruction erovities the ahality 
tu store darbit orerends read by the saurce-read orerstian 
im @ Location of mamory Pointed to by any of the sixteen 
TESS bers « Tr addatian the contents af the named redister 
Mey De FoORteincramneanted automatlicallse under the cantroal of 
the "ER" bit ¢ihat 22), 


The register to he used an the store areratiaon is 


sreoaifhired oy the four "KR" pits af the destination tield. 
Note that 4 simele class of INA device may be constructed 

White would ce 9 register of the Resister Mocule to access 

tha Memory Anitress Buss. While this tyre of design would mot 


atilize thre full bandwuidth of the memory channel th woauke 


have the adventase of simplicitia. 
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HEF 


SEECTAL SOURCES ANT GESTINATIONS 

Several PYOCeSsor related Funetions have been 
imelemented es JO address functions to preserve the symmetry 
sf the instroetian set oo. These are the Hand Orerateci 
Frocessar CHIDF D+ the Fracessor Status Ware CF oW)s and the 


Frocessoar Conmkrol Word CFCW). 


Revice Acidress O00 (octal? 

The Hand Geerated Proacessaer allows an operator to abserve 
anda coanmtrel the tAar-hat Bielirectional Mate Buss>s the 8-hit 
tO Address Husay Lhe Read anc Write conmtrol hinesythe Sunc 
line and the Halt and Halt Acknowledse Llanes, 

Tete can be entered into e erodram iby readina Teviee 000 
ocbele g.8. vueine an tnstruckion Source field eaual to Oooo 
octal. Since tie ABLE camsurters are asyunchronouss execution 
will be sSusrended wreon a RKead of Pevice 000 until the 
operator returns a Sunc sidmal from the HOF. Refore 


sdidneiling Senne the orerator will have antered tine eats or 


tha Yate Russ usime the switches, 
Similerils 8g eroadram mes Write ta device 900 octal and tne 
execution wild he suseendecd with the data visible ain tine 


mqate Lights until the orerator sisnals seknowledgement iy 


sanding Svoe from the HPs. 


When the rrocessor is Halted by tne HUF the Halt 
Acknawleage Light will didhbt and tne orerator mas Read or 
Write data from/to any device orn the $ustem ine luctiog 
redisters, accumulaters with arithmetic orerationsy and 
memaru, This feature demonstrates two vary imeortant roints 


ehauwt the sustem egrenmitectures 


The first roiet a6 that operation of sustem devices and 
Funmetions 1¢ QRSERVABLE om the busses. This is heleful wher 
experimental interfaces are beind intesrated into the sestem 
ana when eronlems ooeur, 

Tne second roint i¢ that the HOP is heirarehaliy similar 
to #&@ vers general class of EMA device. When the erocessor is 
Naltecd any iantellisent assent may sssume comelete control of 
the entire system, This relationshir enables a vary natural 
system excandabitityu ky conmfiduringd multirrocessors under a 


similar comtralling rracessore 


flevice Address 001 (actal) 

The Frocessor Status Word is a special IO function 
imrPlemented as Device 001 octal. When a Source field of 001 
octal is included in a machine instruction the data acauired 
during the source-read oreration will imcktude the ZERO, 
CARRY? and MINUS Flads$ the state of the INTERRUFT CONTROL 
FLIF-FLOF $ arid LIF. to twelve bits from rotentially 
interrupting devices. A Read of Device 001 octal activates a2 
back~plane line called Acknowledge (ACK), Interrupting 
devices strobe their identification bits onto the Lata Buss 
weonm receirt of the ACK sidnal.Thus the comrlete state of 
the machine is Ficked ur on a sindle source-read oreration:. 


The form of the Frocessor Status Word is as follaws?: 


ENTERRUFT ASSIGNMENTS FOR FSW 


BIT FUNCTION/DEVICE 

o Z FLAG 

1 C FLAG 

2 HW FLAG 

3 ION bit 

4 N43 Real Time Clock 
5 040 Modem Controller 
6 [50 Control Terminal Interface 
7 14 Scientific Timer 
8 DOS Real Time Clock 
? Undefined 

10 

11 

12 

13 

14 User Definable 

15 . . 
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POW Device Address 001 (octal? 

The Frocessor Control Word is implemented 325 Destination 
IO Hevice OO1 octal. Ky writing data to the FCW or the 
destination-write oreration the rrodrammer can set or clear 
the ZEROr CARRY» and MINUS fladss enable or disable 
imterrurts? amd control which frodgram counter (R17 or R16 


octal) is to be user. 


The format of the FEW is as follows: 


$s é ei 


ee ee 
pes|zos |ror! C2 


2 5 eee! bol 


UME FIWEL 


beeen een eae ere ot a 


Fhe ZsCy and M bits of the PCW ere coried into the flag 
resister yuron execution of the Write to Hevice 001 octal. 

The ION bit is effective in settind or clearing the 
Interrurt Control Flir-Flor but GNLY when the ICS bit is a 
ores Tris allows wse of the FCW destination under 
circumstances where the rrosrammer may mot actualiu knew 
whether interrurts are suprosed to he an or off. With the 
ICS bit equal to oner a one to the ION bit will enetle 
interrurets and a wero will disable them.If the (CS bait as 


zero mo chande will take Place in the condition of the ICFF. 


2.30 


The FCS bit 16 used to control which Fresram counter i¢ 
ta he used. The use of the POW destination reauires at all 
times the knowledse of whieh FO is aerrorriate. There is no 
way to avoid this sreeacificatian. When PCS 15 ane the Frosran 
counter will be FI? octals when POS 1s sere the rrodram 
counter will he Rid oobel. 


The Programmer should note well that invoking the use of 


Rid octal ag Frodgran counter ~eawtomaticallys disables 
imterrurts. (A resd af the FS when usinmst K1d6 octal as 


erodram counter will eroduce TON#0,>) 


The #resram ceunmter is set to be R17 actal and interrurts 
ere cisehled under inttral conditions: i.e, after the INIT 


control line hes been activated. 


Arrerndix JI. 


Intenfacing.. Guide _to..the.NEWCO 


4BLE..Series..Comeutersand..loe.eZbuss 


Introduction 


NEDCO has developed its ABLE Series computers around a simple and 
straightforward buss design called the EZbuss, The EZbuss allows 
Simple interfaces to be designed tc work efficiently with the Able 
series computers, It is entirely TTL compatible; no voltages 
greater than +5VDC exist on the buss. Thus tne longevity of tne 
system is enhanced even in the presence of untested user-built 


interface devices. 


Ae-2 


Definition 
EZbuss is defined for a 72-pin two-surface edfe connector similar 
tale 4 


So Gineh-Jones §0-72C-20, The complete definition is shown in 


“able 1. 


A) BDE@ - BDBI5 she nain 16 Dit bi-irectional data ‘uss. 
B) ADR@ - ADR? 8 bit 3/0 address buss allows addressing 
many 1/0 modules by computer. See adress map (Table 2) 


for available addresses. 


c) BD, WR command lines fron computer give the directional- 


ity of the data transfer. 


RD: data from device to computer. 


WR: data from computer to device, 


D) SYN SYNC line from devices to computer signals completion 


of task. 
E) IORST 1/0 reset used to establish initial conditions o 


devices, 


All cf? the above busses are negative-logic busses; i.@. 2 logical 
one corresponds tc zero volts and a logical wero correspords to +5 
volts, Typical circuits for driving and receiving the ousses will 


be shown in the examples section cf this document. 


Ir order tc use the busses the interface designer must understand 


Simple set of timing rules, These rules are given separately Jor 
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Table il 
Pin Funct lon Slors 
72 +5 Volts 1-32 
70 PDS 32 
68 uRC 1-32 
66 DAISY wlth 65 
64 z 9-10 
62 € 9-10 
60 KIN 9-10 
38 NAL j=32 
56 spectal TTY 
54 specilai TTY 
52 RST 1-32 
50 Lb 1-52 
4B GROUND be32 
46 vad hel2 
4h MAT 1-12 
42 MA2 1-12 
40 MAS 1-12 
38 MAG Le I.2 
36 NAS 1-12 
34 NAb 12 
32 BAe 1-12 
30 SAS t-12 
28 Mad 1-12 
26 HAJO h-12 
24 MATL 1-12 
22 MAT2 J-12 
20 FAIS 1-17 
18 MALE 141.2 
16 MATS L-J2 
14 GROUND 1-32 
12 NEM 1-12 
10 RES 1-32 

8 T8IT ticd to ? 

6 RALT 1-32 
4 HAK 1-32 
2 GROvND 1-32 


Pallsups 


390 


390 


390 


390 


390 


390 


390 


390 


onms 


ohms 


ohms 


ohms 


ohms 


oans 


ohms 


ohms 


ohms 


ohins 


ohms 


ohars 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ohms 


ons 


ohms 


ohins 


ols 


NEW ENGLAND DIGITAL 


13 


i). 


AB-4 


Corre EZibuss 
Fuserice Slers Pull-uns 
+5 Yolts ]-32 

1imHz> 1-32 on card 
MAIS 1-32 390 ohms 
DAISY with 66 

BDSG $-32 330 ohms 
Bal. 1-32 330 ohms 
BDB? 1-32 330 ohms 
BDE3 1-32 330 ohms 
BoB 1-32 330 ohms 
Bb35 +32 330 ohms 
BDSG 1-32 330 ohms 
Bose 1-32 330 ohns 
BbDBE 1-32 330 ohms 
BD39 1-32 330 ohms 
BoaIG 3-32 330 ohms 
BOELT. 1-32 330 ohms 
Spat2 1-32 330 ohms 
BDB13 1-32 330 ohms 
Bou }é 1-32 330 obms 
BDBI5 «32 330 ohms 
GROUND 1-32 

ADRS 1-32 3 IKts 
ADR 1-32 3 K's 
ADRS 1-32 3 IK's 
ADRG 1-32 3 K's 
ADRS 1-32 3 Ikts 
ADR? 1-32 3 Ix's 
ART, 1-32 3 k's 
ADR 1032, 3 K's 
Ack 1=32 330 ohms 
RD 1-32 2 270's 
aR +32 2 270ts 
TORS? tied to B 390 ohns 
SYN 1-32 3 3990's 
TRY 1-32 390 ohms 
GREVSD 1-32 


Read Operation and the Write Operation. (See also Figure 1,) 


Read Operation 

When tne RD line goes true tre interface may assume that the ADR - ADR 
address busses have been velid for a period greater than 50 nanoseconds. 
Wher. the device is able to produce valid data it may gate that data 


onto BDBG - BDB15 any time after having decoded its (address and RD}. 


The interface must wait a minimum of 150 nanoseconds after gating 
(BDB GATE) valid data onto the data buss and then signal SYNC or SYN, 


It must remain in this state; i.e, with data gated and SYNC active; 
until RD goes false. It should then remove the data and SYNC. Removal 
of SYNC may not precede removal of data. Whether data may be allowed 
to change while being gated must be decided on a case-by-case basis. 


The address lines will not change until SYNS has been removed, 


Write Operation 

™he WA line will go true not earlier than 50 nanoseconds after the data 
and address have become valid, When the device decodes (address and Wr) 
it may use the data at any time. When the device has no further use 
for tne data it may sigral SYNC, It must retain SYNC until WR becones 
Talse, it then must release SYNC. The address lines will not change 
until after SYNC has gone; but the data may change any time after SYNC 


is made true. 
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Design of a Simple Interface 


Hvery interface must have an address decoding circuit. This circuit 
will in general provide an output which will signal that the computer 
is trying to read or write a given device number, (‘the choice of 
device number(s) for user constructed interfaces should be made with 


reference to Table 2.) 


Some examples of address decoding circuits are given in Figure 2, 
Notice that in general only one low-power Schottky load need be pre- 
sented to every buss line, Also notice that the ED and WR control 


lines effectively deskew the address lines. 


If the interface is to respond to the RD command the decoded (RD and 
DEV#) signal may be used to gate the data onto the BDB buss. Recom- 
mended buss drivers are 7438, 74367, 74368 or the 74LS240 series. 
After gating the data onto the buss the interface must wait a minimun 
of 150 nanoseconds and then signal SYNC. This delay is to allow the 
busses, drivers and receivers to settle. A circuit which might be 
added to the decoder of Figure 2A to read four bits of data from 


device "140" is shown in Figure 3. 


If the device is to respond to the WR command, it may construct an 

appropriate strobe signal from the decoded (WR and DEV#) signal, It 
then waits a few hundred nanoseconds and signals SYNC, A circuit to 
copy four bits cf data from BORE - BDB3 is shown in Figure 4. Note 


that the SYN buss must te driven by 7436, 


LSa4 
~~ 
wa fe - ms yee at ——a WRIGO 
| le ane WRIAD 
Figure 2A 


Circuit to decode READ ("140") and WRITE (''140") 
in both Negative and Positive Logic. 
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Figure 2B 


Circuit to decode HEAD and WRIT of 
devices "120", "121", "122" and "123". 
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RIGO = >> —____—. BOBD 
Ubeces Fig: 2A) 
uote Boar 
DATAL 2———-- -+ ; 
Bvezr 
DATA 2-0 cm 
|  BDBS 
DATAS >... 
veo 
ee Ri 
ADIagO ro ee, = , 
er Fig: 28) LL os 
W438 a 21 71438 
Cl 2 1600 6. 
Ri Croase to make SYNC DELAY APPROFR:IATE, 
(Values, fram VK to AIK Commorly used) 
Figure 3 
Circuit to GATE 4 Bits of Data onto 
BDB Buss and Signal SYNC. 
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ses At: oe Gee oe 
Ves ie C2 a 
Figure 44 


Circuit to Copy 4+ Bits of Data from 
BDB Buss and Sienal SYNC, 
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Mechanical Details 


Interfaces may be constructed using either: 
a) Vector 3719-1 6.5" x 4.5" or 
b) Vector 3719-4 9,6" x 4.5" 
“hese are blank cards with holes every 0,1" in a square grid; they have 


72 edge Fingers spaced 0.1", 36 on each side. 


These cards use a receptacle similar to TRW Cirneh 50-72C-30 for con- 


ventional wire-wrap or for insertion into a 2C backplane. 


Receptacles are mounted with pirs 1 and 2 on bottcm; pins 71 and 72 


are on top, 


Cards are constructed with: 

a) COMPONENTS on the EVEN numbered side. 

b) WIRING on the ODD numbered side, 
Note that Table 1 is shown as a REAR Viti of the connector. Also care- 
fully note that the Vector Card must be polarized by cutting a square 
(approximately 0.4" x 0.4") relief out of the top edge of the card near 
the contact fingers. (Figure 5) If these measures are implenented, 
finished cards will always plug into the Bellvuc Rack with compcenenis cii 
the right and wiring on the left (as viewed from front cf rack}. This 


uniformity is a great aid to achieving interface longevity. 


Trt 


Note also the numbering scheme (Figure 5) employed for the I¢ positions 
on the cami. The IC's aloug the top of the card are numbered 1, 11, 21, 
31 etc, starting nearest the contact fingers. The [IC's in the vertical 
column nearest the contact fingers are nunmoered 1, 2, 3, ete. starving 
at the top. 
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TU 


Polarizing 


Wiring Side 


Socket Numbers applied using gummed labels; red dots used to 
mark Vee pin, 


Connector Assignments Labelled. 


Polarization notch - upper left corner. 


Figure 5 


Arrendix TIT. 


YIRING TNFORMAT ION 


for the 


NEPCO SABLE Series COMPUTERS 


gma 


ABLE SYSTEM PIMING . 

The ARLE Series camruters are ASYNCHRONUUS machines. That 
usy there ig no srecitic suatem clock. Tone SEQUENCER bestins 
a date transfer by agsertins = Dleyviee Acicdress or the system 
tnéstruction/sAddrass ies. After weitind aeeraximately 180 
msec. (for the Model ABLE 780) the Seavencer asserts a 
Commands either REA or WRITE. The system stays in this 
state until tne addressed device oar oFeration answers by 
means of the system SYNE Control dine that the btrenster tes 
been comrleted. At this time the Servencer removes Lhe 
command amd weits for the device to remove rhe SYNE sigmal. 
Only after the acitiressed device mas has taker agwau rts SYNC 
does the Address asserted oy the Seauvuencer change and e mew 
transfer hesinm. Thus the time taken tu & Ssiven transfer is 
derendant uran the mocule addressed. 

Im addition: ell ABLE Series devices which can be seid ta 


+ 


nave 8 state aft “busy ar “not ready" are constructed to 
Withold SYNC unmtid sueh time that they kecome ready or Tree 
in the event thet they are frematurely accessed pe the 
Seauenter. 

This mode of oreration enahles ane toa write very sinele 
Prodtrans Tor handlacs suenh devices in the event that Status 
Checking or Interruret Uriven rragrams are mob asrperarriate, 
Also such oreration of certain cieviees in samedines -rostresms 


Provades a useful techni@uwe of avoidance of ans sameltns 


“aitter"® due to the asymehrary of the camewler erostcam wath 
the saarldled process. See for examete the discussion of tae 
Terminal ¢8SO) anc Sedemtific Timer (U4) -rosramming in 
Aereendinx J. 

Tt ois due directive to this asenobrongus Peature tinal the 
ARLE Series comeuters can Orerate effeotavels wath memory afr 
anv sreed whieh 15 a&errorrietae for a given sustem. There 16 
itabte SebuottEry 


sLest FIVE 


ro Frohblem im wubihivzing the zs 


Hiealar memory or the mane tvees of slower MOS memormys » ever 


ifn the same sestem far the memory oreretion i SME PLP OF WILAS 5 


The standard MBK Aemoary Notiule is comeosed of MOG 21ia4 
tyre chirs havinst an access bine of 450 meeeeThas  onaes 
however: hes an enable time of oniwu 100 msec. Carrrax.ed+. The 
asunchronmags oOreratian of the mache sllows the 
construction af oan @Redé-bit memory matrix am whieh & 
serarate 14-Hn26 words navink  seruential Locations are 
accessed at onre,. This access takes 450 msec. Howevers One 


aceessegd the date is aveileble hy selecting the desirect 


Chars in oniw 100 msec, Whether the current soddre 


dal 2285 


Bsccessed Freviotsls 15 sidnalited bye #e New/Did last cerivert tus 
aS comparison of the current addres and the sereviauws stored 
amcdgress. 

This techmieue is calted B-wayv interleavins. Feen Gk cars 


Nae ate own woiterlesevins Hardware woien a6 buated only ses ol 


ds Tous 20° 5 stem with severed 


that cerd has peen sadres 


Gh cards the effective ainterleasvins ean be higher than 
Q-~WYS s+ This cen he used eedvantadeously in sroahlems which 
involve tne mevins of larde vectors in memory fy avin the 
vector Ooundaries ceincide with RR houndaries af toe memory 


grace. KEL ehilowa the rarbitionios of cate storese ere to 


accomodate this tyre of oOreralion. 
With the 450 mse@c. 2144 tere chix the memory Farformance 
figures are as follows? 
New @00Ce@SS Pad. oe ONO meee. 
id aecess read. ..-+.850 moecn. 
Write new ar Older + P50 nsec. 

The timings ar Register Macul e Ore rats Org is 
BPFroaxImately 250 nsec. resdardless of tne tyre of areraetiean 
heins rerformed. 

Timings to he observed Me user-constructed mocules are 
given oin Arrendisx EI. The £0 module timings of standard 


devices follaw these rules. 


AZ4 


Arrennlis IV, 


NEHCOQ ARLE SERTES 


HEVICE ADRESSES 


Aue 


VEVICE ADRESSES 


The followins are 


USED TN 


STARTART MOMULES . 


device addresses essidned or to be 


assigned for use an NEDCO ABLE Series cameuters « 


Tlev. 


ALTIRESS . 


OOO, es crves 


OOLsscer 
OG 2+ eens 
O03. #eee 
004-011. 
O12 2033. 
O14,045, 
OI 6b" O3S. 
0342035. 
O56 2037. 
O407G4il. 
042-047. 
O50r05t, 
OS2-O07. 
06079061. 
942-067. 
O709071. 
O72907%3, 
74-077. 
100-104, 
105-107. 
410-117. 
120-127, 
130-433. 
L34-137, 
140-157. 
1460-167. 
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teoeese re ASI Converter 
sestees ens. ASI Converter 
carve 


* 
+ 
+. 
- 
+ 
+ 


- 
. 

> 
. 
* 
+ 


seseeosetlidttal FO Moule 


veo ee ee co Aue Tigiteld TQ 
eeeceee MNadiom CantralierrStatius 
seoeeeee Ane SOvial Mevices 
sesevee Suistem Control Terie sGtatus 
teereoeeee Aus Serial Tevices 
eeoseeeeetinal O78 Canverter 
eeoeeoe ee Alias OYA Converters 
epee rerene Scare Interface 
seeeca ec Aline SOOKE Troterfaces 
teeeees ROSE rYVER 
ereeeeesFlavey Disk Controller 
seeoeeosT Tare Prive 
seoseeeelliskh Drive 
teseesea se FREE UGER SFACE 
sees eoeo ss Keservecd 
servoever aca site To 
teove ee AUX. SErial Fevivces 
peseeee se KEOSETVECH 
resceae et s PROM FProsrammersye 
Sustem Test Modules: 
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